ABSTRACT In 325 cases of industrial chemical cyanosis notified to Her Majesty's Factory Inspectorate for 1961-80 the incidence of poisonings showed considerable seasonal variation with substantially greater numbers occurring in the summer months. A correlation between the number of poisonings in any one year and the hotness of that summer was also shown. The vast majority of incidents occurred during the manufacture of chemicals or dyestuffs, and two particular workplaces were responsible for 70% of the cases. Poisoning by amino compounds appear to produce early cyanosis whereas poisoning by nitro compounds tended to produce delayed cyanosis. These latter compounds were also more likely to produce anaemia. Methaemoglobin was determined in 45% of cases with results ranging from less than a few per cent to over 50%. Despite concentrations of MetHb over 50%, several workers complained only of headache and their blue appearance.
Aniline and related compounds have been in industrial use since the nineteenth century and their importance, particularly in the dyestuff industry, is still considerable. Acute aniline poisoning has been recognised since the early days of its use in industry and its acute toxicity is still a problem. Aniline poisoning shows itself as clinical cyanosis which may also be referred to as anilism or "blueing up." This chemical cyanosis is brought about by conversion of normal haemoglobin to methaemoglobin and has been a notifiable industrial disease in the United Kingdom since 1924.1 The terms "anilism" and "aniline poisoning" are often applied to chemical cyanosis even when the chemical responsible is not aniline. Chemical cyanosis may be produced by several compounds including nitrates, nitrites, and phenacetin analgesics as well as by the amino and nitro compounds of chlorobenzene, benzene, and its homologues.2 The term anilism is usually restricted to poisoning by these benzene derivatives. In this paper the terms anilism or aniline poisoning will refer to chemical cyanosis due to amino and nitro derivatives of chlorobenzene, benzene, and its homologues. Exposure to these compounds may occur during production or during their use in the manufacture of dyestuffs, plastics, pesticides, pharmaceuticals, and many other substances. Accepted I July 1985 Routes of absorption These compounds may be absorbed by ingestion, inhalation, or through the skin. In an industrial context it is the two latter routes of absorption that are important. Volatile liquids such as aniline and nitrobenzene may be inhaled as vapour, whereas solids such as p-nitrotoluene and dinitrobenzene may be inhaled in the form of fine dusts or as an aerosol of their solutions. All these compounds may be absorbed through the skin.
Clinical effects
Conversion of haemoglobin to methaemoglobin reduces the amount of haemoglobin available for oxyhaemoglobin formation. The oxygen carrying capacity of the blood is thus reduced, which decreases the amount of oxygen available to the tissues.
Methaemoglobin ( Apart from causing anaemia, chronic exposure may result in the production of subcyanotic levels of MetHb, thereby making the individual more susceptible to any subsequent major exposure to a cyanogenic compound.
The degree and type of toxic effect observed will vary according to which particular agent exposure has occurred. To some extent these differences will be due to the physical state of the compound concerned but also relates to the actual biochemical properties of these agents. population of workers exposed was not known (this being variable over time and from place to place), no calculation of incidence was possible.
Results
In the period studied 325 notifications of poisoning 
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Unknown The work activity at the time of poisoning was interpreted from records and divided into four types-that is, process operation, maintenance work, laboratory work, and a miscellaneous activity group. Seventy Sekimpi and Jones Figure 6 shows the results for haemoglobin. For the 25 cases where blood films were studied, 14 showed features of haemolysis, the compound responsible in each of these cases being nitrobenzene 5, nitrochlorobenzene 8, aniline 2, paratoluidine 2, chloroaniline 1, and substance not specified 2. Of the 60 cases where haemoglobin was noted to be less than 14 g/100 ml, the nitrocompounds (NB, NCB, and DNB) were recorded as the responsible agent in 29 (48&3%) cases. The contribution of these agents to all cases, however, was only 27 5%. The amino compounds, aniline, chloroaniline, and nitroaniline, on the other hand, were responsible for only 13 of the 60 cases where haemoglobin was less than 14 g (21-7%), whereas they contributed some 55% to the series overall.
One man who developed jaundice did so after two consecutive exposure incidents within 10 days. The first incident was due to chloroaniline but the compound was not recorded in the second episode. There was good evidence of a reticulocytosis and the jaundice was assumed to be haemolytic in nature.
TREATMENT Table 7 lists the various treatments recorded in the 325 notifications. In two cases it was stated that injection of methylene blue had to be stopped because of unbearable pain. In one of these cases a painful swelling developed at the injection site.
Discussion
The data used in this study were collected over 20 years by many different individuals. Though standard forms were completed on those affected, much of the information on any given incident was provided in a non-structured textual form. These records have severe limitations as the basis of any study but are of interest because they provide considerable information on such a large number of cases of anilism. Limitations of the records, however, must be recognised from the outset, and those limitations include the incompleteness of recording and bias introduced by various reporters. Reliability is further compromised by the fact that the individual report may have been made some time after the incident occurred so that there is considerable reliance on memory. It is not possible, either, to estimate the degree of underreporting that occurs in notification systems such as this. Bias will be introduced by the variable motivation and interest of the reporting physician or factory inspector, so that some minor cases are reported in great detail whereas reports of some major poisonings may be rather sketchy.
When a compound is generally thought to have an effect on a particular biochemical parameter or physiological function, that effect is more likely to be looked for than where it might not have been expected. Data on toxic effects will therefore be biased towards reinforcing already held views of toxicity.
The fat solubility of these agents and their modest water solubility makes the skin an important route of absorption in industrial poisoning.3 7 Indeed, it has been said that for some compounds the principal risk of absorption is skin contact.8 In this series over 50% of cases would seem to have occurred by virtue of skin absorption alone and absorption via this route was considered significant in 68% of poisonings. This underlines the importance of skin absorption and the consequent need for thorough skin washing and While there is no secular trend, the years ranked as the first four in terms of the number of cases occurring were also the four hottest summers in the 20 years studied. The ranked incidence of poisoning was plotted against the ranked mean summer temperature for central England for each year (fig 7) and the rank coefficient was calculated to be 0'6. Thus annual incidence appears to be substantially influenced by the weather.
Ignoring the extremely high peaks during hot summers there does not appear to be any sustained decreased incidence of anilism. Whereas the last annual figure given here for 1980 appears low, seven cases were reported in 1981 and six in 1982 which is of the same order of magnitude as that found at the beginning of our study period.
The seasonal variation shows an obvious increase in incidents during the summer months, with over 50% of the cases occurring between 1 June and 30 September. As incidents due both to skin absorption and to inhalation are found in the same proportions during the summer months and the rest of the year, it seems that the factors leading to increased skin absorption (such as increased peripheral vasodilation and perspiration and the wearing of fewer clothes) are at least as important in producing this number of poisonings in hot weather as increased volatility, leading to increased absorption through the lungs. The increase may be due to the less stringent use of protecSekimpi and Jones tive gear during hot weather when its wearing may be uncomfortable. It is interesting to note that of the eight cases where protective clothing was available but not used, six occurred in June or July and two in May. This seasonal variation in poisonings has been known for many years in the industry and was demonstrated by Linch.7
The sex distribution of these incidents undoubtedly reflects the preponderance of male labour in these industries. The age structure of the people poisoned may be representative of the age structure of workers in the industry concerned. This is no suggestion here of younger people being particularly susceptible, although there is no means of knowing what the incidence of poisoning is in any age group without having denominator population data. Finding that 55% of cases whose experience was recorded had worked less than one year at the process may suggest inexperience as a predisposing factor, but if labour turnover was high it may merely reflect a preponderance of short term workers in the population. If the proportion of short term workers found among the poisoning cases merely reflects the experience profile of the total labour force, however, this would mean that one in every four working on site at any one time would have worked there for less than one month. This seems an unlikely proportion, and it is more plausible that inexperience is an important factor in causation of these accidents. As is so often found with occupational hazards, non-process workers, especially maintenance men, contribute significantly to the overall incidence. Eighteen per cent of all notifications came from these workers. The fact that two workplaces contributed 70% of all notifications shows the ease with which local circumstances at either of those workplaces might substantially affect returns for aniline poisonings and indeed many other features reported in this study.
The amino compounds, aniline, chloroaniline, and paratoluidine, which were noted to cause early cyanosis, account for 63% of all notifications whereas the nitro compounds noted to be more likely to cause delayed cyanosis and anaemia accounted for only 27% of notifications. These findings may suggest that a great deal of emphasis is put on cyanosis for diagnosis so that for some cases in whom cyanosis did not appear, notifications are not received. On the other hand, the amino compounds may be more hazardous or more prevalent in the industry. Laboratory rather than clinical diagnosis might show a clearer picture of the effects of exposure, and it was encouraging to note that biological monitoring has become more popular in recent years. No deaths were reported in this series of chemical cyanotic poisonings.
Methylene blue was the most commonly recorded treatment but in two cases methylene blue injection
